Rationale in the development of novel treatment strategies for HPV-associated cancers is targeting on the basis of the presence of HPV in (pre)malignant cells. Here, we designed a new conditionally replicating adenovirus (CRAd) for selective and effective oncolytic replication in HPV-containing cells. As the backbone, we used the CRAd AdCB016, which replicates selectively in cells expressing HPV E6 and E7 proteins. To enhance its oncolytic potency, we armed AdCB016 with p53 variant mp53(268N), which is resistant to HPV E6-mediated degradation. The new CRAd AdCB016-mp53(268N) was analyzed for its lytic replication properties in cervical carcinoma cell lines, HPVimmortalized keratinocyte cell lines representing dysplastic cells, and primary human keratinocytes. AdCB016-mp53(268N) exhibited 10-to 1000-fold greater efficacy than AdCB016 on high-risk HPVpositive cervical carcinoma cells and HPV-immortalized keratinocytes. Importantly, infection with AdCB016-mp53(268N) did not affect primary nonmalignant human keratinocytes. This favorable efficacy and safety profile was confirmed in organotypic raft cultures. Our findings suggest that AdCB016-mp53(268N) is a promising new agent for treatment of HPV-associated human cancers.
INTRODUCTION
Cervical cancer is the second leading cause of cancer death among women worldwide. Infection with high-risk human papillomaviruses (hr-HPV), particularly the hr-HPV types 16 (HPV16) and 18 (HPV18), is causally linked to the development of cervical cancer [1, 2] . It is now well established that persistent expression of viral oncogenes E6 and E7, which interact with the master cell cycle regulatory proteins p53 and pRb, respectively, drive the oncogenic property of hr-HPV [2] [3] [4] [5] . Comprehensive screening programs enhance early detection of cervical cancer, and premalignant as well as early malignant stages of disease are often well treatable with LLETZ (large loop excision of the transformation zone) and a combination of surgery and/or radiotherapy [6] . However, morbidity and recurrence rates following therapy are not negligible, and, importantly, treatment of more advanced stages of cervical cancer is often unsatisfactory. Therefore, new therapeutic approaches, either in the adjuvant setting or not, for both advanced and early disease are definitely needed. Virotherapy with selectively lytic viruses could perhaps contribute to a rational treatment strategy for CIN (cervical intraepithelial neoplasia) lesions and cervical cancer. The uterine cervix is readily accessible to an intralesional administration approach without invasive techniques and systemic administration of truly tumor-selective oncolytic viruses could be considered for patients with metastatic disease.
Conditionally replicating adenoviruses (CRAds) represent one class of virotherapy agents (reviewed in [7] [8] [9] ). CRAds are designed to take advantage of tumor-specific changes allowing preferential replication in tumor cells. Regarding treatment of CIN and cervical cancer, selective targeting can be achieved by taking advantage of the presence of high-risk HPV in the cells. Such a type of CRAd is represented by AdCB016 [10] . AdCB016 exhibits preferential replication in HPV E6/E7-expressing keratinocytes compared to normal keratinocytes due to two deletions in its E1A protein, i.e., in the CR2 domain to impede sequestration of cellular pRb from E2F [11, 12] and in the CR1 domain to also abolish E1A binding to p300 acetyl transferase, which can be functionally complemented by HPV oncoproteins [10] . AdCB016 is thus designed to benefit from the presence of hr-HPV in cells, which makes it a particularly useful agent for treatment of CIN and cervical cancer. However, AdCB016 was found to be far less effective in killing cancer cells than its parent AdD24, which comprises only the CR2 mutation [10] , calling for efficacy enhancement to reach its full potential.
The anticancer potency of a CRAd depends on the efficiency at which the virus lyses tumor cells and disseminates throughout a tumor. Previously, we found that exogenous expression of the tumor suppressor protein p53 expedited the lysis of CRAd-infected cancer cells, allowing a more rapid spread of the virus [13] . Exogenous p53 augmented the oncolytic potency of the CRAd AdD24 against a variety of cancer cell lines in vitro and xenografts in vivo [13] [14] [15] . However, in HPV-associated cancers, p53 is targeted for ubiquitination by HPV E6 protein [5] . Therefore, in these cancers progeny release and lateral spread of p53-expressing CRAds might still be hampered as a result of efficient HPV E6-promoted degradation of exogenous p53. Indeed, p53 enhanced oncolytic potency of AdD24 against HPV-positive HeLa cells only marginally [13] . Fortunately, a p53 variant that is not recognized and ubiquitinated by HPV16 and HPV18 E6 was identified. This variant, mp53(268N), was derived from mouse p53 by substituting a single aspartate residue with the corresponding asparagine residue from position 268 in human p53 [16] . We hypothesized that CRAds could be made into more effective lytic agents for HPV-associated cancers by expressing degradation-resistant mp53(268N) instead of wild-type p53. In the present study, we tested this hypothesis by evaluating the anticancer activity of AdCB016-mp53(268N) in comparison to its precursors AdD24, AdCB016, and p53-expressing AdD24 on cervical cancer cell lines, HPV-immortalized keratinocyte cell lines representing dysplastic cells in CIN lesions, and normal primary human keratinocytes in monolayer cultures, as well as on organotypic raft cultures.
RESULTS AND DISCUSSION
HPV-Positive Cervical Cancer Cells Exhibit Resistance to p53-mediated Enhancement of AdD24-Induced Oncolysis We previously found that the CRAd AdD24 expressing p53 exhibited enhanced oncolytic capacity compared to its parent without p53 against most cancer cell lines of various tissue origins. However, only moderate improvement was seen on HPV-positive HeLa cells [13] . To discover if resistance to p53-mediated oncolysis enhancement is a general characteristic of HPV-containing cervical cancers, we evaluated sensitivity to AdD24 and AdD24-p53 on three different HPV-positive cervical cancer cell lines. We used the colorimetric WST-1 cell viability assay (Fig. 1 ) and the crystal violet assay (Fig. 3) to compare the oncolytic activities of the two CRAds. The data of both assays correlated accurately. Indeed, in HPVpositive cell lines, AdD24-p53 caused less oncolysis enhancement compared to AdD24 than was seen in HPV-negative cancer cell lines (i.e., 2-to 4-fold versus 12-fold enhancement at 50% cell viability; Fig. 1) , similar to what we observed before [13] . Since HPV-positive cervical cancer cells express E6 capable of inducing p53 degradation [5, 17] , we reasoned that in these cells the efficacy of oncolysis enhancement by exogenous p53 might have been inhibited by E6-mediated degradation.
A p53 Variant Resistant to HPV E6-Promoted Degradation Enhances the Oncolytic Potency of AdD24 in HPV-Positive Cervical Cancer Cell Lines It was found before that p53 variant mp53(268N) cannot be targeted for degradation by HPV16 and HPV18 E6 [16] . It is thus to be expected that mp53(268N) has higher activity than p53 in the face of oncogenic HPV E6 expression. To verify this, we compared the transactivation capacities of p53 and mp53(268N) in hr-HPV-positive cervical cancer cell lines and in pCMV-16E6-transfected p53-null SaOs-2 cancer cells using p53-responsive reporter constructs. Fig. 2 shows that p53 and mp53(268N) transactivate equally well in HPV-negative SaOs-2 cells, while mp53(268N) exhibited up to 30-fold higher p53-specific transactivation capacity than wild-type p53 in HPV16-positive SiHa and CaSki cells, HPV18-positive HeLa cells, and HPV16 E6-expressing SaOs-2 cells, with transactivation activity of p53 in CaSki cells not even exceeding background level. On the basis of these results, we decided to replace the wild-type p53 gene in AdD24-p53 with the mp53(268N) variant. We compared the oncolytic potency of the new CRAd AdD24-mp53(268N) to AdD24-p53 and AdD24 in three human HPV-positive cervical cancer cell lines by crystal violet assay (Fig. 3) . As controls, we included the HPV-negative cervical cancer cell line C33A and breast cancer cell line MDA-MB-231, which is very sensitive to the oncolysisenhancing effect of wild-type p53. AdD24-mp53(268N) exhibited 10 times more effective lytic replication than AdD24-p53 on HPV-positive cell lines, while both CRAds were equally effective against HPV-negative cell lines. Compared to AdD24, AdD24-mp53(268N) was up to 100 times more effective against HPV-positive and HPVnegative cancer cell lines. Hence, prevention of E6-dependent degradation of exogenous p53 overcame relative resistance to p53-mediated oncolysis enhancement in HPV-positive cancer cells. Importantly, mp53(268N) is insensitive to degradation by E6 of both HPV types 16 and 18. Since the latter HPV types count for the majority of HPV infections causing cervical cancers [1] , mp53(268N)-based CRAds might be applicable in the treatment of the majority of cervical cancers. Moreover, it has been shown that HPV16 is also the most important hr-HPV type involved in the carcinogenesis of tumors of oropharyngeal and anogenital sites [18, 19] . Consequently, mp53(268N)-based CRAds might be useful for the majority of HPV-related diseases. Furthermore, it remains of interest to study the stability of mp53(268N) in the presence of E6 oncoproteins from other HPV types that can be considered oncogenic. This may extend the therapeutic potential of mp53(268N)-based CRAds to cancers associated with HPV types other than 16 and 18 and to tumors carrying multiple HPV types [2] .
The CRAd AdCB016 Exhibits Selective Replication in CIN and Cervical Cancer Cells and Its Oncolytic Potency Is Enhanced by mp53(268N) Expression
AdD24 is defective in sequestering cellular pRb from E2F due to a deletion in the pRb-binding CR2 domain of its E1A protein [11, 12] . This dictates selective replication in cells with lost G1/S-phase checkpoint control. While being very effective in killing cancer cells, AdD24-based CRAds have also been observed to replicate to some extent in nonmalignant cells [10, 11, 14] . Indeed, we also found lytic replication by AdD24 in normal primary keratinocytes ( Fig. 4A ). This is probably caused by E2F being temporarily released from pRb during normal regulated cell cycle progression. The double-mutant CRAd AdCB016, however, previously demonstrated stringent selectivity of replication in HPV E6/E7-expressing cells versus normal keratinocytes [10] . We confirmed that this CRAd is cytotoxic to normal keratinocytes only at very high dose (Fig. 4A ), but unfortunately, also found that this CRAd has severely attenuated oncolytic efficacy (Fig. 4B ).
Aiming to merge HPV E6/E7-selective AdCB016 replication with high oncolytic capacity mediated by mp53(268N) expression, we constructed the new CRAd AdCB016-mp53(268N). The oncolytic potency of AdCB016-mp53(268N) was compared to that of AdD24 and of its parent AdCB016 during multiple replication cycles on a panel of human cervical cancer cell lines, HPVimmortalized keratinocyte cell lines, and primary keratinocytes. In all HPV-positive cancer cell lines, AdCB016-mp53(268N) caused a massive increase in oncolysis efficiency compared to its parent lacking p53 (result on SiHa shown in Fig. 4B ). Semiquantitative assessment of oncolytic potency enhancement by mp53(268N) expression showed 10-to 100-fold enhancement for HeLa, 100-fold for CaSki, and 1000-fold for SiHa cells. Consequently, AdCB016-mp53(268N) reached a level of oncolytic potency similar to that of AdD24. Most importantly, like AdCB016 and in contrast to AdD24, AdCB016-mp53(268N) hardly replicated in primary keratinocytes (Fig. 4A) . Thus, while exogenous mp53(268N) expression augmented oncolytic potency, it did not compromise AdCB016 selectivity. Knowing that HPV infection with accompanied elevated expression of E6/E7 is present not only in almost all cervical cancer cells, but also in dysplastic cells in high-grade CIN lesions [20] , we additionally evaluated the potential utility of AdCB016-mp53(268N) for treatment of premalignant lesions. For this, we used four different hr-HPV-immortalized keratinocyte lines representing dysplastic cells in CIN lesions. Interestingly, AdCB016-mp53(268) also replicated with increased efficacy of 10-to 100-fold compared to AdCB016 in all four HPV-immortalized keratinocyte lines (result on FK18B shown in Fig. 4C ). Thus, AdCB016-mp53(268N) with selective replication in HPV-positive cells may be used not only for treatment of cancer but for local treatment of premalignant lesions as well. Taken together, among the CRAds analyzed, AdCB016-mp53(268N) displayed the best selectivity-efficacy index for HPV-containing premalignant and cancer cells. In general, expression of mp53(268N) more strongly augmented the efficacy of AdCB016 than that of AdD24. This might be explained by the dysfunctional p300-binding domain of E1A in AdCB016. Although HPV E7 also binds p300, this could perhaps leave more p300 available to activate p53. [10] . Therefore, we included studies on organotypic cultures of primary human keratinocytes and cervical cancer cells for a most accurate comparison of the different CRAd variants. We infected primary human foreskin keratinocytes and SiHa cancer cells with AdD24, AdD24-mp53(268N), AdCB016, or AdCB016-mp53(268N) before transferring them onto a dermal equivalent and allowing them to differentiate at the air-medium interface for 11 days. We then harvested the rafts and sectioned them for histological analysis. Fig. 5 shows the histology and hexon staining of control raft cultures and cultures infected with the various CRAds. As can be seen, AdCB016 hardly affected keratinocytes nor cancer cells, whereas AdD24 and AdD24-mp53(268N) caused widespread cytotoxicity due to viral replication in both normal and cancer rafts. Also in rafts made of a mixture of infected and uninfected cells containing only 10% or even 1% AdD24-or AdD24-mp53(268N)-infected keratinocytes, we observed widespread cell killing and virus replication (data not shown). These data confirmed that AdCB016 was ineffective against cervical cancer cells and AdD24-based CRAds were not sufficiently selective for cancer cells, at least in the applied experimental setting. In contrast, AdCB016-mp53(268N) selectively and effectively replicated in and thereby killed SiHa cells in organotypic raft culture, while leaving normal epithelium unaffected. Histology of rafts made of AdCB016-mp53(268N)-infected keratinocytes closely resembled normal epithelium. Of note, even under the conditions used by us, under which we infected keratinocytes before stratification of the epithelium had occurred to ensure infection of basal proliferating cells, AdCB016-mp53(268N) did not replicate in the multilayer epithelium. Some limited cytopathic effects might be seen and a few (b2%) cells stained positive for hexon in the rafts made of normal keratinocytes. Because these effects were confined to the basal stratum, they probably reflect abortive viral infection in cells used to establish the raft cultures. These results suggest that AdCB016-mp53-(268N) will not replicate under physiological conditions under which more likely mainly differentiated parabasal cells will be infected and proliferating basal cells can only be reached via microlesions. Our data thus strongly suggest the safety and efficacy of AdCB016-mp53-(268N)-based virotherapy for cervical cancer.
AdCB016-mp53(268N) Preferentially and
Effectively Replicates in Cervical Cancer Organotypic Raft Cultures Finally, selectivity and efficacy of AdCB016-mp53(268N) replication were investigated in organotypic raft cultures. A proper evaluation of replication selectivity of oncolytic viruses requires an organotypic model that represents the architectural and physiological conditions in the stratified epithelium of the cervix, containing both proliferating and differentiated cells or cervical cancer tissue
Therapeutic Utility of Virotherapy for CIN and Cervical Cancer
Worldwide, cervical cancer is a major health problem, especially in developing countries, indicating the urgent need for development of new treatment or prophylactic modalities. The causal role of hr-HPVs in CIN and cervical cancer offers possibilities for preventive vaccination strategies. Indeed, the first trials using virus-like particles specific for HPV16 or a mixture of HPV16 and HPV18 showed promising results [21, 22] . However, long-term follow-up studies are needed to determine if such prophylactic HPV vaccination strategies will ultimately protect against cervical cancer. Moreover, efforts have to be made to generate preventive vaccines against the other HPV types that are classified as oncogenic. Until this is realized, alternative strategies have to be followed to treat CIN and cervical cancer. In this regard, therapeutic vaccination efforts failed to be successful so far, which warrants alternative treatment strategies. Hence, investments in development of virotherapy for CIN and cervical cancer are worthwhile, especially since CRAds may be designed for use in therapeutic vaccination as well. Therapeutic genes, such as genes encoding activators of the immune system, might be incorporated in a CRAd to strengthen its anti-tumor efficacy further [23] . This immune strategy may importantly combine the oncolytic activity and tumor antigen-releasing effect of CRAds with the immune response-inducing activity of immunomodulatory proteins. In addition, the stringent replication profile of AdCB016-mp53(268N) may allow potential systemic administration to patients with metastatic disease. Nevertheless, to improve safety further for use in systemic treatment strategies, specific tumor cell targeting motifs could be incorporated in the virus to limit sequestering of administered CRAd by nontarget cells. Finally, the best chance of completely curing cancer patients lies with attacking malignant cells through a combination of different agents with distinct mechanisms of action. Clearly, further research will be needed to evaluate carefully the efficacy of AdCB016-mp53(268N) as a single agent or in an adjuvant setting for treatment of cervical cancer and/or CIN lesions.
In conclusion, we have shown that expression of a functional p53 variant that cannot be degraded by HPV E6 enhances the oncolytic potency of CRAd AdCB016 on HPV-positive CIN and cervical cancer cell lines, while retaining its selectivity. AdCB016-mp53(268N) is a promising candidate to contribute to a more optimized treatment of HPV-associated cancers and precursor lesions. As not only cervical cancers but also many other cancers of anogenital and oropharyngeal sites contain hr-HPV, enhancement of CRAd potency through expression of functional mutant mp53(268N) in AdCB016 may have wider applicability for more effective and selective treatment of many human cancers.
MATERIALS AND METHODS
Cell lines. MDA-MB-231 breast cancer cells and HeLa, SiHa, and CaSki cervical cancer cells were obtained from the American Type Culture Collection (Manassas, VA, USA). C33A cervical cancer cells, HM02 gastric cancer cells, and SaOs-2 osteosarcoma cells were kind gifts from Dr. A. T. Das (Academic Medical Center, Amsterdam, The Netherlands), Dr. A. van der Ende (Academic Medical Center, Amsterdam), and Dr. F. van Valen (Westfalische Wilhelms-Universit7t, Munster, Germany), respectively. HeLa, SiHa, and CaSki are hr-HPV positive, containing HPV18, 16, and 16, respectively, whereas C33A, HM02, MDA-MB-231, and SaOs-2 are HPV negative. All cell lines were maintained in F12-supplemented DMEM with 10% FCS and antibiotics, except for C33A, which was cultured in DMEM with 10% FCS, MEM minimal essential amino acids, and antibiotics (all from Life Technologies, Breda, The Netherlands).
Primary keratinocytes were obtained from human foreskin essentially as described before [24] . HPV16-immortalized (FK16A and FK16B) and HPV18-immortalized (FK18A and FK18B) keratinocyte cell lines were established as described before [20, 24] . These keratinocyte cell lines represent dysplastic cells in CIN lesions [20] . Primary keratinocytes and keratinocyte cell lines were grown in serum-free KGM (Life Technologies) supplemented with bovine pituitary extract (50 Ag/ml), epidermal growth factor (5 ng/ml), penicillin (100 U/ml), streptomycin (100 Ag/ml), and lglutamine (2 mM) (Life Technologies).
Recombinant adenoviruses. CRAds AdD24, AdCB016, and AdD24-p53 have been described previously [10, 13] . To construct adenoviruses with an expression cassette for mp53(268N) in place of the E3 region, the mp53(268N) cDNA was released from pRc/CMV.mp53(268N) [16] by digestion with HindIII and XbaI and used to replace the human p53 gene in pABS.4-p53 [13] . The resulting construct, pABS.4-mp53(268N), was digested with PacI, and the 3.1-kb fragment encompassing the SV40 early (SVE) promoter-driven mp53(268N) expression cassette and kanamycin resistance gene was inserted into PacI-digested pBHG11 (Microbix Biosystems, Toronto, Canada). A clone with an insert in the orientation that places the SVE-mp53(268N) cassette on the adenovirus L strand was isolated, and the kanamycin resistance gene was removed by digestion with SwaI followed by self-ligation, yielding pBHG11-mp53(268N)-L. Expression of mp53(268N) protein from plasmid expression cassettes was confirmed by p53 reporter assay and Western blotting.
CRAds were made by homologous recombination in 911 cells [25] between the pXC1 (Microbix Biosystems) derivative pXC1-D24, which carries a 24-bp deletion corresponding to amino acids 122-129 in the CR2 domain of E1A necessary for binding to the Rb protein [12] , or pXC1-CB016, which carries the D24 mutation and a deletion spanning amino acids 27 to 80 in the CR1 domain of E1A [10] , and pBHG11-mp53(268N)-L. This way, AdD24-mp53(268N) with the E1A CR2 mutation and AdCB016-mp53(268N) with E1A CR1 and CR2 mutations were made.
Viruses were plaque purified on 911 cells and propagated on A549 cells, and the E1AD24 and/or E1ACB016 mutations and SVE-mp53(268N) insertion were confirmed by PCR on the final products. Functional mp53(268N) expression was confirmed by p53 reporter assay and Western blotting. Functional PFU titers were determined side by side by limiting-dilution plaque titration on 293 cells according to standard techniques. In all experiments, infections were normalized on the basis of PFU titers.
Colorimetric WST-1 cell viability assay. Cells were seeded at 10 4 cells/ well in 96-well plates and cultured overnight. The next day, they were infected with AdD24 or AdD24-p53 at various m.o.i. for 1 h at 378C. The cells were subsequently cultured at 378C with 50% medium changes every 3-4 days. At day 11, the culture medium was removed and replaced by 100 Al of 10% WST-1 (Roche Diagnostics, Mannheim, Germany) diluted in culture medium. Depending on the cell type and density, the formation of the formazan dye was allowed to proceed for 60-90 min at 378C, and the A 450 was measured on a Bio-Rad (Hercules, CA, USA) Model 550 microplate reader. WST-1 conversion was expressed as a percentage of the conversion by uninfected control cells, after subtraction of background values of WST-1 incubated in the absence of cells.
Assay for oncolytic activity of CRAds on cancer cells. Cells were seeded at 5 Â 10 4 cells/well in 24-well plates and cultured overnight. The next day, they were infected with CRAds at various m.o.i. for 1 h at 378C. The cells were subsequently cultured at 378C with 50% medium changes every 3-4 days. Depending on the inherent replication rate of the viruses on each cell line, cultures were maintained for 2-3 weeks. The culture medium was then removed, and the adherent cells were stained using crystal violet dye as described [13] . p53 reporter assay. To confirm functional p53 expression from plasmid constructs, these were cotransfected into SaOs-2, SiHa, CaSki, or HeLa cells together with either the p53-dependent reporter plasmid PG13-Luc [26] or the negative control construct MG15-Luc [26] using Lipofectamine Plus (Life Technologies) according to the method described by the manufacturer. PG13-Luc carries the luciferase gene driven by a p53-dependent promoter, MG15-Luc carries mutated p53-binding elements. Cells were seeded at 5 Â 10 4 /well in 24-well plates and transfected the next day, and after 24 h of culture at 378C, the culture medium was replaced by Reporter Lysis buffer (Promega, Madison, WI, USA). Culture plates were subsequently subjected to three freeze/thaw cycles. Chemiluminescence was measured with a Lumat LB 9507 luminometer (EG&G Berthold, Bad Wildbad, Germany). The relative luciferase expression in PG13-Luc-transfected cells compared with MG15-Luc-transfected cells was used as a measure for functional p53 expression.
To confirm resistance of mp53(268N) to E6-mediated degradation, pABS.4-p53 or pABS.4-mp53(268N) was cotransfected into SaOS-2 cells together with pCMV-16E6 or control vector pCMV-neo [27] and with the p53-dependent reporter plasmid PG13-Luc or control MG15-Luc and luciferase activity was measured as above.
Organotypic culture on collagen rafts. Organotypic raft cultures of foreskin keratinocytes or cervical carcinoma cells were prepared essentially as described [23, 24] . Primary keratinocytes isolated from two different donors were used. The dermal equivalent contained Swiss 3T3 J2 fibroblasts (a gift from Elaine Fuchs, University of Chicago, Chicago, IL, USA) and raft culture medium contained DMEM:Ham's F-12 (3:1) supplemented with 10% FCS (Life Technologies), hydrocortisone (0.4 Ag/ ml), 0.1 nM cholera toxin, transferrin (5 Ag/ml; Sigma, Saint Louis, MO, USA), insulin (5 Ag/ml; Sigma), and human epidermal growth factor (0.5 ng/ml; Life Technologies). For adenoviral infection prior to raft preparation, cells were seeded at 10 6 cells/well in 6-well plates and cultured overnight. The next day, they were infected with CRAds for 4 h at 1 PFU/cell in serum-free KGM at 378C and 5% CO 2 and transferred onto dermal equivalents thereafter. In addition, also mixtures of infected and uninfected cells at 1:9 and 1:99 ratio were plated. Furthermore, a small aliquot of each cell suspension (approx 10 5 cells/ well) was plated in a 24-well culture plate for simultaneous monolayer evaluation of adenoviral replication and oncolysis. Raft cultures were allowed to differentiate for 11 days. The cultures were then harvested, fixed in 10% buffered formalin, and embedded in paraffin. Fourmicrometer sections were stained with hematoxylin and eosin for histological examination. Expression of adenoviral hexon protein was analyzed by immunohistochemistry on 4-Am-thick sections using polyclonal antibody AB1056 (Chemicon International, Temecula, CA, USA), biotinylated rabbit-anti-goat antibody (Zymed Laboratories, Inc., Sanbio bv, Uden, The Netherlands), streptavidin-horseradish peroxidase conjugate (DakoCytomation, Glostrup, Denmark), and chromagen diaminobenzidine, as described before [15] . Slides were counterstained with hematoxylin. Two independent raft experiments in duplicate were performed.
